We present a multi-wavelength study of the persistent low-luminosity neutron star low-mass X-ray binary IGR J17062-6143. The multi-epoch photometric UV to NIR spectral energy distribution (SED) is consistent with an accretion disc F ν ∝ ν 1/3 . The SED modelling of the accretion disc allowed us to estimate an outer disc radius of R out = 3.9 +1.9 −1.1 × 10 9 cm and a mass-transfer rate m = 1.7 +6.9 −1.2 × 10 −9 M yr −1 , consistent with both theoretical and observational estimates of ultra-compact X-ray binaries (UCXB). In combination with empirical X-ray/NIR relationships, we estimate the orbital period of the system to be ∼ 0.4 − 1 hr. In addition, we obtained a lowresolution optical spectrum which revealed a blue continuum and no emission lines. The lack of hydrogen in the spectrum and the size of the accretion disc provide further evidence for an ultra-compact nature of this system.
INTRODUCTION
Low-mass X-ray binaries (LMXBs) are binary star systems where a neutron star (NS) or black hole (BH) accretes from a 1 M companion. The companion typically overflows its Roche lobe, transferring mass onto an accretion disc that surrounds the compact primary. These systems are most easily discovered and studied when the X-ray luminosity liberated in the accretion process is L X 0.1L Edd (where L Edd is the Eddington limit) due to a high mass-accretion rate. However, LMXBs can also accrete at much lower rate, hence generating a much lower X-ray luminosity.
A number of LMXBs are found to accrete at an X-ray luminosity of L X ∼ 0.001 − 0.1L Edd for many years. The existence of these very-faint X-ray binaries (VFXBs) is puzzling, as their inferred low mass-accretion rates are below the critical threshold for which H-rich systems are expected to be transient (i.e. exhibiting weeks-months long outbursts of accretion separated by years-decades long quiescent episodes E-mail: j.v.hernandez@uva.nl (JVHS) with an X-ray luminosity of L X 10 −5 L Edd ). For H-poor accretion discs, however, this critical mass-accretion threshold is lower (e.g. Tsugawa & Osaki 1997; Menou et al. 2002; Heinke et al. 2013a; Hameury & Lasota 2016) . It has therefore been proposed that weakly-accreting persistent LMXBs harbour H-poor donor stars (e.g. in't Zand et al. 2007 ). Such systems must have very short orbital periods (P or b 1 hr) for the companion to overflow its Roche lobe, and are therefore referred to as Ultra-Compact X-ray binaries (UCXBs, ? Nelemans & Jonker 2010 , for a review).
There is great interest in identifying UCXBs among the population of LMXBs, because these objects are expected to be promising targets for future gravitational wave interferometry experiments (e.g. Nelemans 2003) . Furthermore, UCXBs are interesting laboratories to study the ashes of stellar nuclear burning (e.g. Deloye & Bildsten 2003) . In absence of a direct orbital period measurement (e.g. through the detection of periodic dips/eclipses in the X-ray emission, variations of pulsar arrival times or periodic optical variations), evidence for an UCXB nature can be obtained by searching for the absence of H features in optical spec-tra (e.g. Nelemans et al. 2004 Nelemans et al. , 2006a or by considering the ratio of the optical over X-ray emission (e.g. Bassa et al. 2006 Bassa et al. , 2008 in't Zand et al. 2009 ).
IGR J17062-6143 was originally discovered by Integral in 2006 and later identified as an accreting neutron star LMXB when Swift detected a thermonuclear burst in 2012 (Degenaar et al. 2012) . Since its discovery, the source seems to have been persistently accreting at a low luminosity ∼ 10 −3 L Edd and it therefore classifies as a VFXB (Remillard & Levine 2008; Degenaar et al. 2012 Degenaar et al. , 2017 Keek et al. 2017) . A detailed study of its X-ray spectrum revealed a broad Fe-K emission line near 6.5 keV, a hallmark of disc reflection (Fabian & Ross 2010) , which allowed for a measure of the location of the inner accretion disc (Degenaar et al. 2017 ). This feature, so far not seen in other VFXBs (e.g Armas Padilla et al. 2013; Lotti et al. 2016) , suggests that the inner accretion disc in IGR J17062-6143 is truncated at R in 225 km ( 100R g ). This is in sharp contrast with LMXBs accreting at higher rates, where the inner disc typically resides a factor 5 closer to the compact primary (e.g. Cackett et al. 2010; Ludlam et al. 2017 , for sample studies). This suggests that the geometry of the inner accretion flow in this VFXB differs from a standard accretion disc, possibly due to the formation of a radiatively-inefficient accretion flow or because the magnetosphere of the neutron star is pushing gas away (Degenaar et al. 2017) . Recently, discovered 163.65 Hz pulsations in a single archival 1.2 ks RXTE observation. This implies a magnetic field B ≤ 3.8 × 10 8 G, similar to other accreting millisecond X-ray pulsar (AMXP) (e.g. SAX J1808-359 Wijnands & van der Klis 1998; Mukherjee et al. 2015) . The magnetic field value from the truncated inner disc measurement, B ≥ 2.5±2.1×10 8 G, has been found in agreement with the pulsation estimates (van den Eijnden et al. 2017) . Also, given the short duration of the RXTE observation, the orbital period could not be constrained imposing a lower limit of P or b > 17 minutes.
IGR J17062-6143 suffers relatively little from interstellar absorption compared to other VFXBs and is therefore a particularly promising target to pursue optical observations with the aim to test for an UCXB nature. Apart from its long-term X-ray flux evolution, measurement of the inner disc radius and possible spin period, very little is known about the intrinsic properties of this binary system such as the companion type, orbital period and composition of the accreted material are unknown.
Both bursts detected from IGR J17062-6143 were of unusually long duration and are indicative of the ignition of a thick layer of He. While such bursts are expected to occur for neutron stars that accrete from H-depleted companions (e.g. in 't Zand et al. 2005; Cumming et al. 2006) , both theoretical calculations and observations suggest that similar bursts can also occur for neutron stars that slowly accrete H-rich material (e.g. Cooper & Narayan 2007; Degenaar et al. 2010a) . Therefore, the burst properties do not give conclusive information about the composition of the accreted material (hence the accretion disc). It is interesting to note that at least one neutron star that displays long Xray bursts, 4U 0614+091 (Kuulkers et al. 2010 ) is thought to harbour a CO white dwarf companion based on the lack of H and He features in its optical spectrum (e.g. Nelemans et al. 2004 Nelemans et al. , 2006b ). This seems to suggest that at least a CO white dwarf companion is not inconsistent with the scenario we envision for IGR J17062-6143. Only marginal evidence for a (semi-)degenerate companion has been found as enhanced oxygen abundance in the high-resolution X-ray spectrum (van den Eijnden et al. 2017) .
In this work, we present a multi-wavelength study of IGR J17062-6143: In Section 2, we present observations from X-ray to near-IR. The overall stability of the broadband flux allows us to construct an average SED and retrieve the accretion disc parameters in Section 3. Combined with lack of H features in our optical spectrum, we argue that IGR J17062-6143 is a new, strong candidate UCXB in Section 4.
OBSERVATIONS

Faulkes Optical photometry
We observed the field of IGR J17062-6143 with the 2-m robotic Faulkes Telescope South (FTS), at Siding Spring, Australia, on 2016 October 4 and 2016 October 6. On both dates, 300-sec exposures were made in three filters; Sloan Digital Sky Survey (SDSS) g , r and i -bands. FTS was equipped with a camera with a pixel scale of 0.304 arcsec pixel −1 and a field of view of 10×10 arcmin. The images were de-biased and flat-fielded using the automatic Las Cumbres Observatory (LCO) pipeline BANZAI. The seeing as measured from the images was 2.8 and 1.9 on 4 and 6 October, respectively.
We detected a faint source consistent with the position of IGR J17062-6143 in all images. The spatial resolution in the FTS images is too poor to separate out the two NIR sources detected by Magellan (see below), however the position of the optical counterpart is more consistent with that of the southern NIR source and Swift/UVOT coordinates. We find that the optical counterpart is bluer than the surrounding field stars (shown in the bottom panel of Fig. 1 ), which is consistent with emission from an accretion disc. Photometry was carried out using PHOT in IRAF. Flux calibration was achieved using the known g , r and i magnitudes of four stars in the field of view tabulated in the AAVSO Photometric All-Sky Survey (APASS; Henden et al. 2009 ). The resulting magnitudes are given in Table 1 . The errors include the 1σ uncertainty in the comparison star magnitudes, which are small; the error is dominated by the S/N of the X-ray binary.
Swift UV photometry
IGR J17062-6143 has been observed multiple times by Swift between 2008 and 2016 which provides a rich photometric multi-wavelength follow-up of the system. We downloaded all the available calibrated files from the Swift Data Centre (Evans et al. 2009 ) and performed aperture photometry using uvotsource (as implemented in HEASOFT v6.18) using a 4 arcsec aperture for the target source and an 11 arcsec aperture for the background region. Although the full dataset includes measurements during the type-I X-ray bursts Keek et al. 2017) , we have excluded them for the analysis in the following sections. We present the average fluxes in every filter Table A1 .
Magellan NIR photometry
We obtained near-infrared (NIR) photometry with the FourStar camera (Persson et al. 2013 ) at the 6.5m Baade Magellan Telescope in Cerro las Campanas, Chile. The images were taken in two observing campaigns, 2013 June 16 and 2014 May 8. We observed the source in three filters J, H and K s; the details of the individual observations are presented in Table 1 . The telescope was nodded in a AB-AB mode, in order to optimise sky subtraction. The iraf/fsred package (provided by Andy Monson) was used to de-bias, flat-field, align, and co-add the FourStar observations for each object and filter. Aperture photometry was performed using 2MASS sources to determine the zero-point.
The source is clearly detected in all three filters as seen in the NIR finding chart in Fig. 1 . The higher quality of the NIR images, with a measured seeing of ∼ 0.5 arcsec, and a smaller pixel scale (0.159" pixel −1 ) revealed a fainter source blended in the north-west direction a shown in Fig. 2 . We performed PSF photometry using daophot to extract the individual measurements, given in Table 1 
Swift X-ray photometry
We extracted all available Swift/XRT spectra of IGR J17062-6143 between the NIR and optical observations to obtain a long-term X-ray light curve of the source. We used the Swift/XRT Online Data Products Generator 1 (Evans et al. 2009 ) to extract 19 WT-mode and 23 PC-mode spectra from in total 32 epochs. To each spectrum, we fitted a simple absorbed blackbody plus power law model [tbabs*(bbodyrad+powerlaw)] in xspec v12.9.0 (Arnaud 1996) and calculated the unabsorbed flux in the 2.0-10.0 keV range. We assumed an absorbing hydrogen column density of N H = 2.3 × 10 21 cm −2 (Degenaar et al. 2017) .
The resulting long-term light curve is shown in Fig. 3 , where the Eddington ratio was calculated assuming an Eddington luminosity of L Edd = 2 × 10 38 erg/s and a distance of 7.3 kpc . The X-ray luminosity varied between ∼ 10 −3 − 10 −2 L Edd , without going into quiescence or outburst in the past decade. Note that the observations at the end of 2015 were taken during a Type-I X-ray burst and its decay , and that we leave out the single Swift observation during the 2012 Type-I burst for visual clarity. RA ( The circles on these sources represent the 0.3" uncertainty from the overall astrometric solution. We show the confidence regions as determined by Swift/UVOT (red) and Swift/XRT (black) is also shown for reference (Ricci et al. 2008) . Bottom: False colour image made from the optical Faulkes photometry (blue g , green r and red i ). The blue source is compatible with IGR J17062-6143 position obtained from the Magellan images marked as red circles. The observations at the end of 2015 also coincide with a Type-I bursts and its decay are shown but not used in the analysis in Section 3.
Gemini optical spectroscopy
We obtained long-slit spectroscopic observations of IGR J17062-6143 with the Gemini Multi-Object Spectrograph (GMOS) at the 8m Gemini South telescope under a Fast Turnaround program (GS-2016A-FT-24) on 2016 September 27. The GMOS instrument uses the Hamamatsu CCD (6266×4176 pixels). Six spectra of 900s, three centred at 570 nm and three at 580 nm to avoid the chip gaps, were taken using the the B150 grating (150 l/mm), a slit width of 1 and a 2 × 2 binning. The GG455 G0329 blocking filter was also used in order to avoid second order overlap. The chosen set-up resulted in the spectral coverage of the 4400 − 10800 A wavelength range and a spectral resolution of 3Å. The seeing during the observation was ∼ 0.5−0.6 . A CuAr lamp was also observed for each configuration in order to perform the wavelength calibration. Spectra were reduced using the iraf-gemini package 2 . The flux calibration of each spectrum was executed using observations of a standard star, also taken as part of the program and the errors propagated through the gemini pipeline. Finally, in order to increase the signal-to-noise (S/N), the six spectra were combined to obtain a final spectrum with a S/N of ∼ 60 at 6500Å and 7500Å, and ∼ 40 at 8500Å. The final spectrum was cut to keep the spectral region between 5000 and 9000Å, as shown in Fig. 4 . The bluest part of the spectrum was removed as the filter lowered the response at those wavelengths. On the other side, the reddest part was cut out because the atmospheric absorption becomes too significant and distorts the slope of the continuum. A few features were left in the final spectrum, marked as crosses in Fig. 4 . We checked the individual spectra before combining in order to asses the validity of every singular feature. Most of them were tracked to bad background subtraction and cosmic ray removal. We only find the Na i doublet λ5889, λ5895Å to be present in all six spectra. Given the intrinsic variability of the object and non-simultaneity of the observations, we did not attempted to use the Faulkes photometry to perform a correction on the flux calibration.
RESULTS
A featureless optical spectrum
The optical spectrum of IGR J17062-6143 shows a blue continuum with no emission line features as shown in Fig. 4 . We only identify one absorption feature, due to interstellar extinction of Na i doublet λ5889, λ5895Å. We find an instrumental artefact around 7816Å, which is coincident with a known He i line. However, after looking at the individual data (only three of the six had information in this region since it lies on the detector gap for the others), we find no evidence for such features.
The optical spectra of LMXBs are typically dominated by that of the irradiated accretion disc, showing a blue continuum with strong Balmer, Heii and Bowen emission features (see e.g. Charles & Coe 2006) . In occasions, LMXBs can show broad absorption features in high-states and/or outbursts (see e.g. Cornelisse et al. 2009 ). However, some LMXBs have similarly featureless optical spectra as IGR J17062-6143. In particular, a targeted study of candidate and confirmed UCXBs revealed surprisingly featureless optical spectra (Nelemans et al. 2004 (Nelemans et al. , 2006a . Whereas the optical spectra of white dwarf analogues of UCXBs (so-called AM CVns) show rich line spectra, detecting emission lines of He, C, N, and O, in UCXBs appears to be only achievable when high signal to noise data is available. Nevertheless, the lack of strong H lines compared to other LMXBs is striking and therefore seems a promising diagnostic to search for UCXBs among LMXBs.
A few LMXBs have indeed been put forward as candidate UCXBs based on the lack of H features in their optical spectra. For instance, the neutron star LMXB A 1246-58 (in't Zand et al. 2008) , which had been previously earmarked as a candidate UCXB based on its low long-term X-ray flux and its small optical over X-ray flux ratio (Bassa et al. 2006) . Furthermore, the optical spectrum of the neutron star LMXB 1RXS J180408.9-342058 obtained during its 2015 outburst was nearly featureless apart from the potential detection of a weak Heii line (Baglio et al. 2016) . The broad-band X-ray spectrum, X-ray flux amplitude between outburst and quiescence, width of the putative He line, and optical over X-ray flux ratio indeed all point to a relatively compact orbit for that source (Degenaar et al. 2016) . In addition, the recently discovered transient X-ray source and LMXB candidate MAXI J1957+032 shows a blue but featureless optical spectrum. Its unusual brief X-ray outbursts (lasting only a few days) may indeed suggest a short orbital period (Mata Sánchez et al. 2017) .
There are at least two examples, however, of black hole LMXBs with orbital periods of ∼ 3 hr that lacked Hα features during some phases of their outbursts: Swift J1753.5-0127 (Cadolle Bel et al. 2007; Zurita et al. 2008 ) and Swift J1357.2-0933 (e.g. Torres et al. 2011; Corral-Santana et al. 2013) . Although lack of H in the optical spectrum may thus not strictly imply an ultra-compact nature, we show in the next sections that in case of IGR J17062-6143 both its spectral energy distribution (SED) and ratio of its optical/NIR and X-ray fluxes also support an UCXB nature.
X-ray/Optical Correlations
In order to justify the use of the multi-wavelength data across three years to construct the persistent SED of IGR J17062-6143, we analyse the intrinsic variability and correlations using simultaneous X-ray/UV/optical data from Swift. We excluded epochs concerning the two type-1 X-ray bursts Keek et al. 2017 ). We have searched for possible correlation between the 2-10 keV Xray band and the different UV/optical observations taken with Swift/UVOT data. We performed a Pearson-rank test for each filter and found only the U-band to reject the null-hypothesis (no correlation) at > 3σ, with a p-value of p = 0.002. We note that IGR J17062-6143 presents UV/optical variability even at similar X-ray levels as shown in Fig. 5 , hence it makes difficult to separate and discern any correlation. Therefore, we conclude that the observed scatter in the UV/optical is roughly independent of the Xray flux and consistent (within a certain scatter) throughout all epochs. We will take into account this variability in our SED modelling presented in the following sections.
Spectral energy distribution
The broadband SED of IGR J17062-6143 is shown in Fig. 6 . The UV to NIR data follows an extincted clear power law behaviour, F λ ∝ λ Γ . We have also calculated the reddening as a free parameter. We used χ 2 as our goodness-of-fit parameter and the 1σ confidence intervals were obtained by scaling the errors so χ 2 ν = 1. We estimated a power law index Γ = −2.6 ± 0.2, consistent with the plateau formed by a steady-state accretion disc F λ ∝ λ −7/3 (Lynden-Bell 1969; Frank et al. 2002 ) and E(B-V)= 0.17 ± 0.05. This latter value of extinction is lower than estimates of simultaneous NuStar and Chandra X-ray spectral fits, which render column densities of N H = 1.68 − 2.47 × 10 21 cm −2 (Degenaar et al. 2017) i.e. E(B-V) 0.30 − 0.45 (using transformations of Predehl & Schmitt 1995) .
Given the lack of any donor features and the spectral index of the photometry, we have assumed that the UV-NIR wavelength range is dominated entirely by the accretion disc. In order to retrieve physical parameters, which are more informative than a simple power law, we have used the model of an irradiated accretion disc as in Chakrabarty (1998, Eq. 10 to 15) . This model consists of a thick geometrically thin accretion disc (Shakura & Sunyaev 1973; Frank et al. 2002) which emission is modified by the central X-ray source. Therefore, the temperature profile is defined by the combination of internal viscous heating and shallow X-ray heating. We have assumed a disc albedo ν d = 0.25 and a canonical mass for the NS of M N S = 1.4 M . In order to compare the disc model to the available photometry (m n and σ n , their associated 1σ uncertainties), we applied the reddening of the object to the model spectrum and performed synthetic photometry for every filter in our sample. We have excluded the Gemini spectrum from our analysis due to an unreliable absolute flux calibration (see Sec. 2.5).
To derive the best fit parameters, we explored the parameter space by using a MCMC procedure as implemented in emcee (Foreman-Mackey et al. 2013) 3 . The likelihood function that we employed to retrieve the best fit parameters, where the uncertainties are Gaussian and independent, is given by
where the total variance is defined as σ 2 T,n = σ 2 n + f 2 m 2 n . We have added a fractional scatter common to the dataset, in order to reflect the intrinsic variability and non-simultaneity of the observations. Also, this added scatter will reflect any 3 http://dan.iel.fm/emcee/current/.
contamination arising from the dim companion detected at NIR wavelengths (see §2.3). The choice of priors for our MCMC procedure is described below.
During the energetic 2015 Type-I burst, signatures of photospheric radius expansion were observed, which is an indication that the Eddington limit was indeed reached , hence a distance to the system of 7.3 ± 0.5 kpc can be inferred. This measurement is perhaps more accurate than the ∼ 5 kpc estimate inferred from the 2012 burst , since the 2015 Type-I burst had softer photon coverage near its peak (using MAXI ; 2-20 keV) than the 2012 one (using Swift/BAT; 15-50 keV) and should thus provide more reliable constraints on the soft ∼ 2 − 3 keV black body emission. We used Keek et al. (2017) measurement and its associated 1σ error as a Gaussian prior for the distance. The galactic extinction was obtained from the hydrogen density column measured in the X-ray spectral fit-ting (Degenaar et al. 2017; Keek et al. 2017) . We therefore employed values of E(B-V)= 0.36 ± 0.3 (with R V = 3.1 typical for the Milky Way, Predehl & Schmitt 1995) , where the uncertainty reflects the spread of values obtained, as a Gaussian prior and restricted to positive values E(B − V) > 0. For the rest of the disc parameters, inner radius R in , outer radius R out and mass-transfer rate m, we assumed log-uniform priors. We also imposed the condition that R in < R out .
The SED with the best fit is shown in Fig. 6 (joint and marginal posterior distributions are shown in Appendix B). We found the outer radius of the disc to be well constrained R out = 3.9 +1.9 −1.1 × 10 9 cm and an upper limit of the inner radius at 2σ of R in 1.5 × 10 9 cm. This is not surprising given the lack of information in the far-UV ( 2000Å) region of the spectrum which produces a wide range of solutions, explicitly shown in the random realisations of Fig. 6 . The inclination of the system is also unconstrained, however we can impose a 2σ upper limit of i < 80 • , consistent with X-ray reflection modelling (Degenaar et al. 2017; van den Eijnden et al. 2017) . We obtain a m = 1.7 +6.9 −1.2 ×10 −9 M yr −1 which is consistent with observational (Cartwright et al. 2013; Heinke et al. 2013b ) and theoretical (Deloye & Bildsten 2003; Sengar et al. 2017 ) estimates of persistent UCXBs. This evident discrepancy between the m and that inferred from the lowluminosity is discussed in the following section.
We have included the best X-ray fitting components (bbody+gaussian+powerlaw) to the simultaneous XMM-Newton and NuStar data presented in van den Eijnden et al. (2017) in Fig. 6 . Our SED fitting suggests that the thermal component in the X-ray spectrum (bbody) is very unlikely from the disc, and more in line with thermal emission from the NS or boundary layer. This was previously proposed for this and other VFXBs based on the inferred temperature and emitting radius (e.g. Armas Padilla et al. 2011; Wijnands et al. 2015; Degenaar et al. 2017) , but now for the first time seen very clearly by studying the multiwavelength SED of a VFXB.
DISCUSSION
There are two VFXBs that have optical properties apparently ruling out an UCXB nature: 1RXH J173523.7-354013 shows very strong Hα emission in its optical spectrum (Degenaar et al. 2010b) , whereas the companion of M15 X-3 appears to be too optically bright for an UCXB (Arnason et al. 2015 ). An alternative explanation for their sustained low X-ray luminosity may be that the magnetic field of the NS is interacting with the accretion flow and prevents a higher mass-accretion rate (Wijnands 2008; Degenaar et al. 2014; Heinke et al. 2015) . Such an explanation was tentatively also proposed for IGR J17062-6143, since X-ray spectroscopy suggests that its inner accretion disc is severely truncated away from the NS (Degenaar et al. 2017) . However, our present study shows that this source is also a strong candidate UCXB.
Future photometric and/or spectroscopic studies may reveal the orbital period of the system and unequivocally determine the nature of the system. Nonetheless, we can use indirect methods to determine robust range of acceptable P or b to aid further observational campaigns. Such methods concern the relative contributions of the optical/infrared to X-ray fluxes (van Paradijs & McClintock 1994; Revnivtsev et al. 2012) . As the central X-ray source illuminates the accretion disc, a fraction of the incident energy is reprocessed modifying the emitted SED. In addition, at longer wavelengths (such as the NIR) the donor may contribute a significant fraction of the total luminosity.
We have plotted the X-ray/optical luminosities against a large sample of BHs and NSs in Fig. 7 . As clearly shown, both classes of LMXBs have a different correlation, where BHs are a factor ∼ 20 brighter in optical than NS LMXBs. Taking into account both estimates of the distance, IGR J17062-6143 lies comfortably within the NS track. However, despite its position at the lower end of the NS track, we caution against any inference on the orbital period from the low optical luminosity alone (e.g. van Paradijs & McClintock 1994) . In particular, IGR J17062-6143's luminosity is similar to other NS LMXBs with widely different orbital periods such as SAX J1808.4-3658 (2.013 hr, Chakrabarty & Morgan 1998 ), 4U 1608 -52 (12.89 hr, Wachter et al. 2002 and Aql X-1 (18.95 hr, Chevalier & Ilovaisky 1998) .
On the other hand, the empirical L K − L X relationship developed by Revnivtsev et al. (2012) provides a new framework to characterise persistent LMXBs, such as IGR J17062-6143. At NIR wavelengths, the system is assumed to be dominated by the reprocessing of the central X-ray flux in the accretion disc and the secondary star. The use of exclusive persistent NS-sources provides a more homogeneous dataset (small variability and mass-dependence) to perform the calibration of this relationship. This method describes the absolute magnitude in the K-band (in Vega system) as a function of the orbital period and X-ray luminosity,
where
In order to calculate the luminosity, we used a distance of d = 7.3 ± 0.5 kpc , an extinction value of E(B − V) = 0.42 ± 0.5, a correction on the extinction for the K−band A K = 0.11A V (Rieke & Lebofsky 1985) and a fixed L X /L Edd = 10 −3 . We find, for both NIR K-band measurements, an orbital period of P or b = 0.40 ± 0.09 hr and P or b = 0.48 ± 0.10 hr 4 . The 1σ uncertainties on the orbital periods were calculated via a Monte Carlo simulation. Alternatively, we can constrain the orbital period by using the size of the accretion disc, measured in our SED modelling. The outer parts of the disc will be heavily affected by the tidal interaction of the companion thus regulating its maximum size (Paczynski 1977) . This tidal radius, r t , can be approximated by
where a is the orbital separation and q = M 2 /M N S the mass ratio of the system. On the other hand, the minimum outer disc radius, r r is determined by the angular momentum of the particles after they exit the inner Lagrangian point. This The UV to NIR data has been dereddened by the best value found from the SED fit. The X-ray spectrum was simulated from the best fit to simultaneous XMM-Newton and NuStar data (powerlaw+bbody+gaussian) taken from van den Eijnden et al. (2017) . The black lines show random realisations from our MCMC analysis. The unconstrained inner radius and inclination in the SED fit results in a large spread at shorter wavelengths < 1000Å.
can be approximated by r r a = 0.0883 + 0.04858 log(q
valid for 0.001 ≤ q < 1. We can find a family of solutions of r t and r r as a function of donor mass given a fixed orbital period, as shown in Fig. 8 . Any allowed orbital period of the system should reside, for a given donor mass (assuming a canonical mass for the neutron star M N S = 1.4 M ), between both curves. This allows us to exclude systems with P or b 2 hr since the estimates of the disc are smaller than the minimum radius r r . On the other hand, the lower limit provided by the X-ray pulsations ) provides a constrain on the minimum mass of the donor > 0.03 M , thus allowing for a wide range of possible donors. However, at this shorter orbital periods, the donor of IGR J17062-6143 is expected to be a (semi-)degenerate object (such as WD or a helium star Sengar et al. 2017) to physically fit inside the Roche-lobe of the secondary (e.g. 4U 1626-67, Levine et al. 1988) . Given the the mass transfer rate estimate and the lower limit on the orbital period, we cannot discard the scenario where the system remained in the LMXB phase close to its period minimum and never underwent a second phase of mass transfer (Sengar et al. 2017) .
The low X-ray luminosity of IGR J17062-6143 contrasts with the higher mass transfer rate from the donor implied by our SED modelling as well as theoretical predictions for UCXBs (Sengar et al. 2017) . If the X-ray luminosity from the blackbody component is due to accretion onto the NS surface (van den Eijnden et al. 2017), L X ∼ 6 × 10 34 erg s −1 , we can obtain an estimate on the mass accretion rate. Assuming a totally efficient conversion of the accretion power into L X , we find m N S ∼ 3×10 −11 M yr −1 . This would require that the system, in order for mass conservation to hold, ejects > 99% of the in-falling material. One possible mechanism to reconcile this is that inner accretion disc is truncated by the NS magnetosphere, which drives a propeller outflow (Illarionov & Sunyaev 1975) . Hints of such a (propeller-)outflow ocurring in IGR J17062-6143 are present in the high-resolution X-ray spectra as oxygen-rich high-velocity absorption and emission features (van den Eijnden et al. 2017) .
CONCLUSIONS
We have performed a multi-wavelength analysis of the ultra-compact binary candidate IGR J17062-6143. The lowresolution optical spectrum shows a blue-continuum consistent with an accretion disc however no emission lines are observed, suggesting a H-poor companion. We used multiepoch UV, optical and NIR photometry to model the accretion disc and retrieve physical parameters such as the outer disc radius and mass transfer. Both estimates are consistent with properties of systems with orbital periods 1 hr. In addition, we employed empirical relations to estimate an orbital period between 0.3-0.5 hr. Further simultaneous multiwavelength observations will allow to construct a more accurate SED of the system and reduce the uncertainties of the accretion disc modelling. The low extinction of the system makes IGR J17062-6143 an ideal candidate to explore UCXBs, and explore the the connection between the accre- Figure 7 . L x -L opt correlation for BH and NS. Data was taken from Russell et al. (2006) and Russell et al. (2007) . IGR J17062-6143 (square) follows the NS track for both estimates of the distance to the system. We show the UCBX 4U06414+09 (circle) as a reference for a typical system. We compare the R ou t estimate from the SED modelling (red line) to the predicted tidal (black lines) and circularisation (blue lines) radius for a given orbital period. The 1σ and 2σ confidence levels of R ou t are shown as the red bands. The smallest orbital period represents the lower limit of 17 minutes obtained from the X-ray pulsations .
tion inflow and the outflow produced by the interaction with the neutron star. 
